Motivation: Circular dichroism (CD) is widely used in studies of protein folding. The CD spectrum of a protein can be estimated from its structure alone, using the well-established matrix method. In the last decade, a related spectroscopy, linear dichroism (LD), has been increasingly applied to study the orientation of proteins in solution. However, matrix method calculations of LD spectra have not been presented before. DichroCalc makes both CD and LD calculations available in an easy-to-use fashion. Results: DichroCalc can be used without registration and calculates CD and LD spectra using a variety of matrix method parameters. PDB files can be uploaded as input or retrieved via their PDB code and a Perl-based parser is offered for easy handling of PDB files.
INTRODUCTION
Sensitivity to secondary structure and ease of use have made circular dichroism (CD) spectroscopy a popular method among protein scientists. A spectrum can be quickly recorded and allows one to identify the main secondary structure type and the approximate helical content (Bulheller et al., 2007; Rodger and Nordén, 1997) . For example, the web interface DichroWeb (Whitmore and Wallace, 2004) calculates an estimate using CD spectra of known proteins. The theory behind the origin of CD is well understood and much effort has been devoted to the theoretical prediction of the spectra based on the 3D structure of the proteins. The most successful framework is the matrix method (Bayley et al., 1969; Woody and Tinoco, 1967) for which parameters have been derived from ab initio calculations. These parameters include the peptide chromophore (Besley and Hirst, 1999) in the far-UV, charge-transfer (Oakley and Hirst, 2006) between neighbouring peptide groups in the deep-UV and aromatic side chain chromophores (Rogers and Hirst, 2003) with transitions in the near-UV. For CD, the parameters have been tested on 47 different proteins, showing an almost quantitative accuracy at 222 nm (Bulheller et al., 2007 (Bulheller et al., , 2008 . The Spearman rank correlation coefficient between the calculated and experimental intensity at 222 nm is 0.9. The calculations can, therefore, be used to compare the theoretical spectrum of an assumed structure with experiment in order to aid the elucidation of the actual conformation. This approach is particularly helpful for conformationally flexible structures, as one can determine an ensemble average of a series of spectra, computed * To whom correspondence should be addressed. from structures generated by molecular dynamics simulations. For folding motifs which are not available in structure fitting databases, such calculations can help to confirm a theoretical structure.
Calculations of CD using the matrix method have been reported for decades, but accessibility to the necessary programs and parameters was limited. The interest in linear dichroism (LD) is a recent development and matrix method calculations of LD have not been presented before. LD is closely related to CD and provides information about how proteins align in the sample or how agents dock to fibrous structures (Ardhammar et al., 2001; Rodger et al., 2002) . The analysis of experimental LD spectra is a challenge due to overlapping transitions. This can lead to disappearing bands and the calculation of the LD spectra can aid assignment.
APPROACH
The concept of using the matrix method to help correlate experimental CD spectra with protein structure is very attractive. However, until the development of DichroCalc this was largely the preserve of the theoreticians, who seldom had access to experimental data. Therefore, DichroCalc was designed to enable non-theoreticians with little theoretical background to benefit from this approach. The theoretical framework has been reviewed recently in detail (Bulheller et al., 2007) , but this knowledge is not required to make use of the calculations. The interface expects PDB files as input. They can be uploaded one by one, compressed in one or more archives or by giving their PDB codes. The parameters available on DichroCalc for the backbone are the peptide chromophore and backbone charge-transfer transitions between neighbouring peptide groups. To include aromatic side chain transitions the chromophores of phenylalanine, tyrosine and tryptophan can be added. For consideration of aliphatic side chains the chromophores of asparagine and glutamine as well as peptide bonds between lysine and aspartic acid are available. Each can be chosen cumulatively. Optionally, a full CD analysis performs calculations for all possible combinations of the selected parameters and the routine generates a report with comparison plots of the different spectra. For spectra of multiple conformations the average CD spectrum can be requested.
CD or LD calculations can be selected individually and each calculated spectrum is provided as xy-data for use in spreadsheet applications and also plotted in postscript format (Figure 1) . A complication with LD over CD is that the orientation of the protein in the coordinate system also has to be considered. An LD experiment is usually carried out to determine the orientation of a protein; theoretical calculations can be of help to estimate the expected sign of bands in the LD spectrum for a given orientation. Therefore, DichroCalc offers the option to calculate a series of spectra for different orientations from one PDB input file. The results are presented in a report which also contains the experimental spectrum in all plots for each orientation. The output is sent to the user via email as archive or a download link if the archive size prohibits email. In the past two years, since the first beta release, 67 users have submitted about 450 jobs calculating spectra for over 47 000 PDB files.
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IMPLEMENTATION
DichroCalc is written in Perl with a CGI interface, whilst the computationally expensive dichroism calculations are carried out in FORTRAN. The input files for the calculations are PDB files containing the atomic coordinates of the chromophores. The atoms of the requested chromophores are read and the respective parameters fitted to those positions. Since the PDB format is forgiving and various augmented versions exist, it was necessary to deal with the files in a robust way and allow for several deviations from the current definition. This was important because users are able to upload their own files, probably created by different programmes which do not necessarily obey the PDB standards. Since the code foundation of DichroCalc is Perl-based, the first choice was BioPerl (Stajich et al., 2002) , a powerful package of Perl tools for genomics and bioinformatics. However, changes to the package would have been restrictive for subsequent updates to new versions of the suite. Therefore, we created a tailor-made parser for PDB files.
The Perl library ParsePDB.pm was created to access all atoms or an arbitrary subset of atoms in the PDB file. In a single command the PDB can be filtered to retrieve atoms in a certain model, chain or residue and/or possessing a particular atom type (e.g. 'CA') or residue type (e.g. 'ALA'). Models, chains and residues can be renumbered while retrieving the atoms. The content can be retrieved either as a single string per record as it is read from the PDB file or readily parsed so each field of a record such as the atom number or Cartesian coordinates can be directly accessed. This also applies to φ and ψ backbone dihedral angles, which may be calculated and are then added to each parsed residue for direct access.
The retrieved filtered and renumbered data can be written in PDB or FASTA format and an additional routine allows one to generate PDB files for the use with the CHARMM molecular dynamics program (Brooks et al., 1983) . Inserted residues can be handled as well as alternative atom locations and the parser provides functions to access these individually or remove them if necessary, thereby detecting and fixing emerging chain breaks. The PDB parser can be downloaded at http://comp.chem.nottingham.ac.uk/parsepdb.
CONCLUSION
DichroCalc is the first web interface that makes CD and LD calculations available for the use of non-theoreticians, thus considerably improving the access to such calculations. PDB files can be processed by the hundreds and calculated spectra are sent to the user directly. The development of the interface spawned the Perl library ParsePDB.pm, which provides quick access to the parsed content of a PDB file in just one compact library.
